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Since a peripheral-flow pump according to the present 
invention has a peripheral-flow impeller having a cylin- 
drical staircase shape whose outer diameter increases in 
one direction only like a staircase, a stator, which con- 
ventionally has been of a complicated configuration 
composed of two pieces, can be formed into an integral 
molding without any deterioration in pump perfor- 
mance. Accordingly, the production of pumps is facili- 
tated. 

30 Claims, 9 Drawing Sheets 
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TURBO VACUUM PUMP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a turbo vacuum 
pump. 

2. Description of the Related Art 

A conventional turbo vacuum pump in which atmo- 
spheric pressure is maintained in its outlet port is pro- 
posed in, for example, Japanese Patent Unexamined 
Publication No. 62- 1 1 3 887. 

In this conventional turbo vacuum pump, a first im- 
peller and a diffuser fixing plate are arranged in the axial 
direction, and second impellers and fixing plates are 
arranged alternately. For this reason, the diffuser fixing 
plate and the fixing plates must be formed as two-piece 
fitting structures. 

In general, in order to attain satisfactory pump per- 20 
formance, the above turbo vacuimi pump must be made 
to maintain a predetermined small gap between the 
impellers and the respective fixing plates, particularly 
between the second impellers and the fixing plates. 
However, in the case of the two-piece fitting structures 25 
of the fixing plates, the processing accuracy is difficult 
to maintain because of the complex construction, and 
the above small gap for the pump performance may not 
be insured. 

In the proposed type described in, for example, Japa- 30 
nese Patent Unexamined Publication No. 62/29796, 
radial blades are in general employed and compressing 
operation is effected by forming a swirl by the action of, 
primarily, centrifugal force. 

In the other proposed type described in Japanese 35 
Patent Unexamined Publication No. 63/147989, each 
blade is in general a forward arc blade, and a flow is 
deflected by means of the blades to form a swirl, 
thereby achieving compressing operation. 

Although the prior art arrangement disclosed in Japa- 40 
nese Patent Unexamined Publication No. 62/29796 ef- 
fects compressing operation by sufficiently utilizing 
centrifugal force, the function of the blades, that is, the 
function of deflecting a flow is not taken into account. 
Accordingly, this prior art has the problem that the 
compression ratio of the centrifugal-flow pump cannot 
be increased so as to achieve high performance. 

Although the prior art arrangement disclosed in Japa- 
nese Patent Unexamined Publication No. 63/147989 
effects compressing operation by sufficiently utilizing 
the function of blades, the utilization of centrifugal 
force is not taken into account. Accordingly, this prior 
art has the problem that the compression ratio of the 
centrifugal-flow pump cannot be increased so as to 
achieve high performance. 

SUMMARY OF THE INVENTION 
Oject of the Invention 

It is, therefore, one object of the present invention to 60 
provide a turbo vacuum pump whose production and 
dimensional control are facilitated so that variations in 
pump performance due to various factors of a produc- 
tion process can be m i n i miz ed. 

It is another object of the present invention to pro- 65 
vide a turbo vacuum pump having higher pump perfor- 
mance as compared to conventional turbo vacuum 
pumps. 



STATEMENT OF THE INVENTION 

To achieve the above objects, in accordance with the 
present invention, there is provided a turbo vacuum 
pump which includes a peripheral-flow impeller com- 
prising a rotary element which is shaped into a conical 
configuration having a staircase-shaped outer circum- 
ference and comprising a plurality of blades secured to 
portions adjacent to the projecting edges of the respec- 
tive steps of the rotary element. The stator is opposed to 
the peripheral-flow impeller with a small gap therebe- 
tween, and a peripheral-flow-pump flow passage is 
defined along a concave portion of each of the steps of 
the staircase-shaped inner circumference to provide 
serial communication between the peripheral-flow- 
pump flow passages of individual pump stages so that 
the peripheral-flow-pump flow passages are integrally 
formed. 

To achieve the above objects, in accordance with the 
present invention, there is provided an improvement in 
a turbo vacuum pump which comprises a casing having 
an inlet port and an outlet port and multiple stages of 
pumps disposed in the casing in the axial direction, each 
of the pumps including a rotor and a stator opposed to 
the rotor, the turbo vacuum pump being arranged to 
suck a gas through the inlet port and discharge the air 
through the outlet port under atmospheric pressure. 
The improvement comprises a peripheral-flow pmnp 
including blades formed on portions extending from the 
rotor in the axial direction and peripheral flow passages 
defined along the circumferential portions of stator 
opposed to the blades in the axial direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view showing one 
embodiment of turbo vacuum pump according to the 
present invention; 

FIG. 2 A is an enlarged longitudinal sectional view 
showing the blades of the peripheral-flow impeller of 
FIG. 1; 

FIG. 2B is an enlarged cross-sectional view taken in 
the direction of the arrow 2C of FIG. 2A; 

FIG. 2C is an enlarged cross-sectional view of the 
blades taken in the direction of the arrow 2B of FIG. 
2A; 

FIG. 3 is an enlarged cross-sectional view showing 
another example of the blades; 

FIG. 4 is an enlarged longitudinal sectional view 
showing the blades of another embodiment of turbo 
vacuum pump according to the present invention; 

FIG. 5 is an enlarged longitudinal sectional view 
showing the blades of the other embodiment of turbo 
vacuum pump according to the present invention; 

FIG. 6A is an enlarged longitudmal sectional view 
showing the blades of the other embodiment of multi 
pump-stage peripheral-flow type of vacuum pimip ac- 
cording to the present invention; 

FIG- 6B is a view taken along the line 6B — 6B of 
FIG. 6A; 

FIG. 7 is a longitudinal sectional view showing the 
other embodiment of turbo vacuum pump according to 
the present invention; 

FIG. 8 is a longitudinal sectional view showing the 
other embodiment of turbo vacuum pump according to 
the present invention; 

FIG. 9 is a cross-sectional view taken along the line 

9—9 of FIG. 8; 
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FIG. 10 is a cross-sectional view taken along the line 
10 — 10 of FIG. 9; 

FIG. 11 is a longitudinal sectional view showing the 
other embodiment of turbo vacuum pump according to 
the present invention; 5 

FIG. 12 is a longitudinal sectional view showing the 
other embodiment of turbo vacuum pump according to 
the present invention; and 

FIG. 13 is a graphic representation showing a com- 
parison between the performance achieved by the pres- 10 
ent invention and that of a prior art arrangement. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIG. 1, one embodiment of turbo vac- 15 
uum pump according to the present invention is pro- 
vided with a pump section composed of a peripheral- 
flow impeller 30, a stator 31 and a lid 32 and a driving 
section composed of a rotary shaft 12, which is sup- 
ported by a bearing 21 for rotation about its axis within 20 
a housing 11> and a high-frequency motor 15 disposed 
on the rotary shaft 12. 

The peripheral-flow impeller 30 has a substantially 
conical form whose outer diameter increases in one 
direction like a staircase, as shown in FIG. 2A, and a 25 
plurality of blades 33 are fixed to a convex comer of 
each step. 

As shown in FIGS. 2A and 2B, the stator 31 is op- 
poses to the peripheralfflow impeller 30 with a small 
gap therebetween. Peripheral flow passages 34 are 30 
formed so as to surround the blades 33 of the peripheral 
flow impeller 30, and strippers (or septums) 35 are 
formed in such a manner that inlet ports 34A and outlet 
port 34B are arranged near the opposite ends of strip- 
pers respectively to communicate with the peripheral 35 
flow passages 34. 

In this manner, the peripheral-flow impeller 30 and 
the stator 31 are opposed the each other in a manner of 
cylindrical staircase-shape whose diameter increases in 
one direction. Accordingly, even if the peripheral-flow 40 
impeller 30 and the stator 31 are formed by integral 
molding, it is possible to assemble or disassemble them 
by shifting them with respect to each other in the axial 
direction. 

The operation of the above embodiment will be ex- 45 
plained below. 

A gas, which has been sucked through a suction port 
llA, enters the peripheral flow passage 34 through the 
inlet port 34A and then flows into the spaces between 
the blades 33 of the peripheral-flow impeller 30. The gas 50 
is accelerated in the radial direction by the blades 33 
which are rotating at high speed, and is discharged from 
the spaces between the blades 33 in the radial direction 
by centrifugal force. The discharged gas decelerates 
within the peripheral flow passage 34 and, after the 55 
pressure of the gas rises, the gas again enters between 
the blades 33 in a swirl manner as shown by an arrow in 
FIG. 2A. 

Subsequently, the gas repeats the abovcdescribed 
process a plurality of times within the p>eripheral flow 60 
passage 34 while flowing in the peripheral flow passage 
34. Accordingly, since the gas flows spirally through 
the peripheral flow passage, it can obtain a sufficient 
amount of energy from the peripheral-flow impeller 30. 

Accordingly, in accordance with the above embodi- 65 
ment a high compression ratio can be obtained. 

In addition, if the ease of production is important, 
each of the blades 33 may be shaped in an straight form 



as shown in FIG. 2C. If an improvement in pump per- 
formance is important, the ends of blades of the inlet 
side of the spirally flowing gas may be formed in such a 
manner as to be curved in the direction of gas flow, as 
shown in FIG. 3. 

The gas between the peripheral -flow impeller and the 
stator 31 cause the pump performance to deteriorate to 
the greatest extent around the portions of seals 34c be- 
tween the pump stages, but the influence of the gap 35A 
of stripper by which the blades 33 can pass with com- 
pressed gas retained therebetween is relatively small. 

In this embodiment, as shown in FIG, 2A» since the 
radial gaps of the seals 34c between the pump stages 
cause a deterioration in the performance, control of 
these gaps is important and axial gaps may be made 
large to some extent. 

On the other hand, if the radial gaps of the seals 34c 
between the pump stages are to be made large, the 
pump needs only to be formed into a configuration 
which enables only the axial gaps to be formed in the 
seals 34c between the pump stages as shown in FIG. 4. 

More specifically, as shown in FIG. 4, only the axial 
gaps in the seals 34c between the pump stage can be 
formed by forming the seals 34c in the radial direction. 
With this arrangement, it is possible to prevent large 
deterioration in pump performance at each stage. 

If the seals 34c have radial gaps as shown in FIG. 2A, 
the differences in diameter between the steps of the 
impeller 30 may be made smaller than the heights of the 
blade 33 as shown in FIG. 5. 

In this case, since the seals 34c have radial gaps, the 
performance of the pump may deteriorate to a slight 
extent, but the differences in diameter between the steps 
of the impeller 30 can be made small as compared to the 
case where the radius ratio of the peripheral-flow impel- 
ler 30 at each stage is fixed, which impeller has the inlet 
port 34A and the outlet port 34B for each peripheral 
flow. Accordingly, since the number of stages of the 
pump can be increased, it is possible to realize larger 
compression ratio. 

In a pump whose seals 34c between the pump stages 
have radial gaps as shown in FIG. 2A, if the blades 33 
and cores 36 are provided at the comer portions of the 
respective steps of the impeller 30 as shown in FIGS. 
6A and 6B, it is possible to obtain a pump having higher 
performance. 

More specifically, since the seals 34c have radial gaps 
a high compression ratio can be easily obtained because 
of the characteristics of individual pump elements. Ac- 
cordingly, it is possible to decrease the number of stages 
of the pump. 

Another embodiment of the present invention will be 
explained below with reference to FIG. 7. 

As shown in FIG. 7, this embodiment differs from the 
embodiment shown in FIG. 1 in that a radial-flow pump 
stage 13 is provided within the housing 11 having the 
outlet port IIB, in addition to peripheral-flow pump 
stages 14' composed of the stator 31 and the impeller 30 
shown in FIG. 1. Since the other elements are the same 
as the corresponding elements shown in FIG. 1, they 
are denoted by the same reference numerals as those 
used in FIG. 1. 

As described previously, in the embodiment shown in 
FIG. 1, a high compression ratio can be obtained by 
utilizing the operation in which the peripheral-flow 
pump stages 14' impart velocity energy to the flow of 
gas and generate pressure. 



5,020,969 



Accordingly, although good performance can be 
achieved within a viscous-flow pressure region, the 
above operation will be made less effective in the pres- 
sure region of a transient flow or a molecular flow. 

As a result, the ultimate pressure of the vacuum pump 
is limited to several Terr or more at which the viscous 
flow is maintained. 

For this reason, in the embodiment shown in FIG. 7, 
in order to insure an ultimate pressure corresponding to 



tion for the bearings 63 and 65 is achieved by sucking a 
lubricating oil 67 stored in an oil tank 66 through the 
center of the shaft 54. The rotor 51 is driven by a motor 
stator 69 which is fixed in a motor casing 68 and by a 
motor rotor 70 which is fixedly fitted on the shaft 54 
and is rotatably inserted in the motor stator 69. 

The operation of the above turbo vacuum pump is 
explained below. 

When the rotor 51 is driven at high speed by the 



the molecular-flow pressure region, a radial-flow-pump 10 motor rotor 70 and the stator 69, gas molecules are 



stage 13, which is a conventional pump for the transient 
flow and the molecular flow, is provided on the low- 
pressure side of the peripheral-flow-pump stages 14'. 

Accordingly, if the pressure between the radial-flow- 
pump stage 13 and the peripheral-flow-pump stages 14' 
is several Torr, the ultimate pressure of the present 
embodiment of the vacuimi pump can be decreased to 
10-^ or 10-5 Torr. 

In addition, in the present embodiment, as shown in 
FIGS. 2C and 3, the blades 33 can be formed into a 
suitable configuration in accordance with the ease of 
production or the performance of the pump. 

The gap between the peripheral-flow impeller 30 and 
the stator 31 may cause the pump performance to dete- 
riorate to the greatest extent at the portions of the seals 
34c between the pump stages, but the influence of the 
gaps 35A of the strippers 35, by which thie blades 33 
pass with compressed gas retained therebetween, is 
relatively small. 

In this embodiment, as shown in FIG. 2A, since the 
radial gaps of the seals 34c between the pump stages 
cause a deterioration in the performance to large extent, 
control of this gap is important and an axial gap may be 
made large to some extent. 

On the other hand, if the radial gaps of the seal 34c 
are to be made large, the pump needs to be formed into 
a configuration in which only the axial gaps are formed 
at the seals 34c between the pump stages as shown in 
FIG. 4. 

Although the above embodiment utilizes the radial- 
fiow-pump stage, the present invention is not limited to 
this arrangement. For example, an axial flow screw 
pump having the function of a molecular drag pump or 
an axial-flow molecular pump utilizing blades having 
small height may be employed. 

Still another embodiment of the present invention is 
shown in FIG. 8. 

As shown in FIG. 8, a rotor 51 is disposed in a casing 
53 provided with an inlet port 52 and an outlet port 61, 
and is shrinkage-fitted onto a shaft 54. The rotor 51 has 
annular portions extending axially from the outer cir- 
cumference side of the rotor 51, and the annular por- 
tions are formed into blades 55. The blades 55 are com- 
posed of forward arc blades as shown in FIG. 9. Periph- 
eral flow passages 57 are defined between the blades 55 
and the inner circumference of the peripheral-flow 
pump stator 56 which is opposed to the blades 55. As 
shown in FIG. 9, a stripper 58 is formed on each of the 
peripheral flow passages 57 at one circumferential posi- 



sucked from the inlet port 52 and discharged through 
the outlet port 61 by the operation of the peripheral- 
flow pump. A vacuimi vessel (not shown) connected to 
the inlet port 61 can be evacuated by this pumping 
15 operation. In this case, in order to realize effective dis- 
charging operation, it is important to enhance the per- 
formance of the peripheral-flow pump. For this reason, 
this embodiment is provided with the peripheral-flow 
pump which comprises the forward arc blades 55 
20 formed on the axially extending annular portion of the 
rotor 51 and the peripheral flow passages 57 which are 
defmed between the forward arc blades 55 and the 
peripheral-flow-pump stator 56 which is opposed to the 
arc blades 55 in the axial direction. In this type of peri- 
25 pheral-flow pump, spaces communicating with the flow 
passages 57 can be provided on the inner-circumferen- 
tial sides and the outer-circumferential sides of the blade 
55. Accordingly, a flow which passes through the 
spaces between the blades 55 in the radial direction 
30 from the inner-circumferential side to the outer-circum- 
ferential side can be effectively generated, whereby the 
action of centrifugal force can be sufficiently utilized. In 
addition, the flow is directed in the direction of the 
arrow shown in FIG. 10 by the forward arc blades 55 so 
35 that energy can be imparted to the ga molecules. 

Accordingly, the peripheral-flow pump of the type 
according to the above embodiment has a higher com- 
pression ratio than conventional peripheral-flow 
pumps, whereby even higher performance can be 
40 achieved. 

In addition, as the compression ratio of the peripher- 
al-flow pump is made larger, the compression ratio of 
the entire turbo vacuum pxmip becomes larger. Accord- 
ingly, even higher-performance turbo vacuum pumps 
45 can be achieved. 

Moreover, in the above embodiment, the outer diam- 
eter of the peripheral-flow pump which operates on a 
high-pressure discharge side is made gradually smaller 
toward the discharge side. Accordingly, the above em- 
50 bodiment also has a merit in that the disc friction loss of 
the peripheral-flow pump is small and the motor capac- 
ity can also be made small. 

Still another embodiment of the present invention is 
explained with reference to FIG. 11. 
55 As shown in FIG. 11, a rotor 51A is disposed in a 
casing 53 A provided with an inlet port 52 A, and is 
shrinkage-fitted onto a shaft 54A. Axial-flow vane ro- 
tors 71 and a spiral groove molecular pump 72 are pro- 
vided on the outer circumference of the rotor 51A in 



tion thereof. The strippers §8 are formed to substan- 60 that order from the inlet port 52A. The axial-flow blade 



tially occupy all the spaces on the inner circumferential 
side, the outer circumferential side, and the axial side of 
the rotor 51, as shown in FIG. 10. Suction ports 59 and 
discharge ports 60 are formed on the forward and re- 
verse sides of the strippers 58 respectively as viewed in 
the rotating direction N. The aforesaid shaft 64 is sup- 
ported through a bearing 63 supported by a base 62 and 
through a bearing 65 supported by a base 64. Lubrica- 



65 



rotors 71 are opposed to axial-flow blade stators 73 in 
the axial direction. The axial-flow blade stators 73 are 
supported on a peripheral-flow-pump stator 56 A via 
spacers 74 and 75, Blades 55 A are formed on portions 
axially extending in the inner-circumferential side of the 
rotor 51A. The blades 55A are forward arc blades as 
shown in FIG. 9. Peripheral flow passages 57A are 
defined between the blades 55A and the peripheral- 



5,020,969 



8 



flow-pump stator 56A which is opposed to the blades 
55A in the axial direction. As shown in FIG. 9, a strip- 
per 58A is formed in each of the peripheral flow pas- 
sages 57A at one circumferential position thereof. 

The strippers 58A are formed to substantially occupy 5 
all the spaces on the inner circumferential sides, the 
outer circumferential sides, and the axial sides of the 
rotor 51A, as shown in FIG. 10. Suction ports 59A and 
discharge ports 60 A are formed respectively on the 
forward and reverse sides of the stripper 58 A as viewed 10 
in the rotating direction N. 

In multiple stages of peripheral-flow pump having 
the above-described construction, individiial steps have 
diameters which become smaller from the inlet side to 
the outlet side in step-by-step fashion. The peripheral- 15 
flow-pump stator 56A is provided with a discharge 
passage 74, an outlet port 61A, a purge-gas channel 76, 
a purge-gas p>ort 76A, a cooling- water jacket 77, and a 
cooling-water port 78. The aforesaid shaft 54A is sup- 
ported through a bearing 63A supported by the peri- 20 
pheral-flow-pump stator 56A via a bearing holding 
member 79, and through a bearing 65A supported on a 
lower casing 82. Lubrication of the bearings 63A and 
65A is achieved by sucking a lubricating oil 67A stored 
in an oil tank 66A through the center of the shaft 54A. 25 
The rotor 51A is driven by a motor rotor 70A disposed 
in the middle of the shaft 54A and by a motor stator 69A 
supported by the peripheral How-pump stator S6A. 

The operation of the above turbo vacuum pump is 
explained below. 30 

When the rotor 51A is driven at high speed, gas mole- 
cules are sucked from the inlet port 52A and fed to the 
outlet port 61A in which atmospheric pressure is main- 
tained, in accordance with the rotary operation of the 
axial-flow vane rotor 71, the axial-flow blade stator 73, 35 
the spiral groove molecular pump 72 and the peripher- 
al-flow pump. Therefore, an ultra-high vacuum can be 
generated in a vacuum vessel (not shown) connected to 
the inlet port 52A. In this case, in order to realize effec- 
tive pumping operation, it is important to enhance the 40 
performance of each discharging element, particularly 
the peripheral -flow pump. For this reason, this embodi- 
ment is provided with the peripheral-flow pump which 
comprises the forward arc blades 55A formed on the 
annular portions which extend from the rotor 51A in 45 
the axial direction and the peripheral flow passages 57A 
which is defined between the forward arc blades 55A 
and the peripheral-flow-pump stator 56A which is op- 
posed to the arced blades 55 in the axial direction. Ac- 
cordingly, a flow which passes through the spaces be- 50 
tween the blades 55A in the radial direction from the 
inner-circumferential side to the outer-circumferential 
side can be effectively generated, whereby the action of 
centrifugal force can be sufficiently utilized. In addi- 
tion, the flow is directed in the direction of the arrow 55 
shown in FIG. 9 by the forward arc blades 55A so that 
energy can be imparted to the gas molecules. 

Accordingly, the compression ratio of the peripheral- 
flow pump of the type according to the above embodi- 
ment can be made higher as compared to conventional 60 
peripheral-flow pumps, whereby even higher perfor- 
mance can be achieved. 

In addition, as the compression ratio of the peripher- 
al-flow pump is made larger, the compression ratio of 
the entire turbo vacuum pump becomes larger, or the 65 
compression ratio of the axial-flow blade rotor 71 or of 
the spiral groove pump 72 decreases correspondingly so 
that the axial flow blades or discharging elements of the 



spiral groove molecular pump can effect a large pump- 
ing speed, therefore it is possible to increase the pump- 
ing speed of the turbo vacuum pump. 

Moreover, in the above embodiment, a plurality of 
peripheral-flow-pump stages arc arranged such that the 
outer diameters thereof become gradually smaller from 
the inlet side to the outlet side in step-by>step fashion. 
Accordingly, it is possible to integrally form the peri- 
pheral-flow-pump stator 56A, whereby assembly be- 
comes easy and the ease of production can be remark- 
ably improved. 

In addition, since driving elements such as the peri- 
pheral-flow-pump stages, the motor, the bearings and 
the like are incorporated in the interior of the rotor 51A, 
the axial dimension can be made very compact. 

Still another embodiment of the present invention 
will be explained below with reference to FIG. 12. 

As shown in FIG. 12, a rotor 51B is disposed in a 
casing 53B provided with an inlet port 52B, and is 
shrinkage-fltted onto a shaft 54B. The rotor 51B is pro- 
vided with axial-flow blade rotors 71A and radial-flow 
blade rotors 80 on a side nearer to the inlet port 52B. 
Axial-flow blade stators 73A are opposed to the axial- 
flow vane rotors 71A, and a radial-flow blade stator 82 
is disposed in a return flow passage 81. Blades 55B are 
formed at each axially projecting annular portion of the 
rotor 51B on the side nearer to an outlet port 61B. Pe- 
ripheral flow passages 57B are defined between the 
blades 55B and the peripheral-flow-pump stator 56B 
which is opposed to the blades 55B in the axial direc- 
tion. The peripheral-flow-pump stator 56B is provided 
with the outlet port 61B. In addition, multiple stages of 
peripheral-flow pumps composed of the blades 55B and 
the corresponding peripheral flow passages 57B are 
provided, and the diameters of the respective stages 
become gradually smaller from the inlet side to the 
outlet side in step-by-step fashion. Moreover, labyrinth 
seals 83 for preventing reverse flow of gas molecules 
from the high-pressure side to the low-pressure side are 
arranged between the pump stages. The aforesaid shaft 
54B is supported through a bearing 63B supported by a 
base 62B and through a bearing 65B supported by a base 
64B. Lubrication of the bearings 63B and 65B is 
achieved by sucking a lubricating oil 57B stored in an 
oil tank 66B through the center of the shaft 54B The 
rotor 51B is driven by a motor rotor 70B disposed in the 
center of the shaft 54B and a motor stator 69B sup- 
ported by the peripheral-flow-pump stator 56B. 

The operation of the above turbo vacuum pump is 
explained below. 

When the rotor 51B is driven at high speed by the 
motor rotor 70B and the motor stator 69B, gas mole- 
cules are sucked from the inlet port 59B and discharged 
through the outlet port 61B by the rotary operation of 
the axial-flow blade rotor 71, the radial-flow-blade 
rotor 80 and the peripheral flow pump. An ultra-high 
vacuum can be generated in a vacuum vessel (not 
shown) connected to the inlet port 59B by this discharg- 
ing operation. 

In order to realize effective pumping operation, it is 
important to enhance the performance of the peripheral 
flow pump. 

For this reason, this embodiment employs the high- 
performance peripheral-flow piunp explained in the 
above embodiment and, in addition, the labyrinth seals 
83 for preventing reverse flow of gas molecules from 
the high-pressure side to the low-pressure side are ar- 
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ranged between the pump stages. Accordingly, it is 
possible to furtber enhance the performance. 

Accordingly, a high-performance turbo vacuum 
pump can be provided. Moreover, since the peripheral- 
flow-pump stator 56B can also be integrally formed like 
that of the embodiment shown in FIG. 8, the ease of 
production can be improved. 

In the description of each of the embodiments, the 
producing method for the stator 56, 56A or 56B of the 



let side of the vacuum pump in a step-by-step fashion 
corresponding to said steps of said impeller, and said 
stator and said peripheral-flow impeller are dimen- 
sioned such that a small gap is provided between op- 
posed surface portions thereof, and wherein said impel- 
ler and said stator can be assembled and disassembled 
from each other without disassembly of said stator. 

2. A vacuum pump according to claim 1, wherein 
each of the steps of the stator includes at least a concave 



peripheral-flow pump is not referred to. However, if 10 portion, and wherein a peripheral-flow-pump flow pas- 

this stator 56, 56A or 56B is produced by a precise sage is defmed along the concave portion of each of the 

investment casting method, the respective gaps between steps of said stator. 

the rotors 51, 51A, 51B and the stators 56, 56A, 56B, 3. a vacuum pump according to claim 1, wherein said 

which may seriously influence the i>erformance of the peripheral-flow-pump flow passage communicating 

peripheral-flow pump, can be made small, whereby it is 15 another peripheral-flow-pump flow passage, 

possible to enhance the performance of the peripheral- 4 ^ vacuum pump according to claim 3, wherein said 

flow-pump. ^ peripheral-flow pumps of said respective stages commu- 

In each of the above-described embodiments, no liq- nicate with each other m series, 

uid such as oil is present in the flow passage for gas 5 vacuum pump comprising a housing having an 

molecules, whereby oil-free evacuation can be per- 20 jnlet port and an outlet port, a rotary shaft rotationaily 

formed. Accordingly, any of the above embodiments is supported in said housing, a multistage peripheral-flow 

suitable for use in evacuation of a semiconductor manu- impeller supported by said rotary shaft, and a stator 

facturing apparatus. constituting a multistage peripheral-flow pump in coop- 

FIG. 13 shows the results of experiments which were ©ration with said peripheral flow impeller within said 

conducted in order to compare the performance of the 25 jj^^sj^g ^ f^g^x a gas suction through said inlet port is 



turbo vacuum pump according to one of the above 
embodiments with those of conventional peripheral- 
flow pumps. In FIG. 13, a curve (1) represents the per- 
formance of the turbo vacuum pump of the embodiment 
according to the present invention a curve (2) repre- 
sents the performance of a conventional type of vacuum 
pump, and a curve (3) represents the performance of 
another conventional type of vacuum pump disclosed in 
Japanese Patent Unexamined Publication No. 
63-147989. 

As apparent from FIG. 13, the turbo vacuum pump of 
the embodiment of the invention realizes a large com- 
pression ratio, hence higher performance, as compared 
to the conventional vacuum pumps, over the wide pres- 
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discharged through said outlet port, said multistage 
peripheral-flow impeller having a cylindrical staircase 
shape including a plurality of steps respectively defining 
a stage of the multistage peripheral-flow impeller, outer 
diameters of the respective steps decreasing in a step- 
by-step fashion in a direction from the inlet i)ort toward 
the outlet port such that an outer diameter of an imme- 
diately preceding step is greater than the outer diameter 
of a following step, said multistage peripheral-flow 
impeller having a plurality of blades at projecting cor- 
ners of the respective steps, said stator having a stair- 
case interior, inner diameters of the staircase shaped 
interior decreasing in the direction from the inlet side 



to the conventional vacuum Pumps, over .nc w.-c outlet side in a step-by-step fashion corre- 

sure range between several hundreds m Torr and 760 40 J^^^gto said cylindrical st^cLe shape of said im- 

Torr (atmospheric pressure). ^^^^^ ^^^^ opposed to said peripheral- 

What IS claimed is: flow imoeller with a small gap therebetween, and a 

constitutine amultistagc peripheral-flow pump in coop- sage commumcatmg m series. - . ■ 
S^^Sdi ^d SSow. impeuL wlhin safd 6- A turbo vacuum pump --P-«^;=-"| ^^-S 
housing so that a gas suctioned through said inlet port is an inlet port and an outlet port "^^X -h nnnfnfin 
di^hareed through said outlet port, said multistage 50 arranged m an axial direction, each of said pumps in- 
pLripS fl^ having a conical cross-s<i>- eluding a rotor and a stator opposed to said rotor said 
S configuration'^d including a pluraKty of steps turbo vacuim P^^P^^^S arranged^o^^^^^ gas 
defmed about an outer periphery thereof, with each stp through said mlet port and to discharge smd gas 
Respectively defining a staje of the multistage periph- through s«d outlet port, w "^^l^dm^^^^ 
erd flow impeller, said steps being spaced from each 55 one penpheral-flow pump compnsmg a plurality of 
other in an^al direction of the impeller, outer diame- individual stages respectively defmed by a plurality of 
ters of the individual steps decreasing in a step-by-step steps arranged about an outer periphery of the ^tor of 
fashion in a direction from the inlet side of the pump the peripheral-flow pump, said steps being spaced from 
toward an outlet side thereof such that an outer diame- each other in an axial direction of the pump, outer diam- 
ter of the immediately preceding step is greater than a 60 eters of the individual steps decreasing m a step-by-step 
following step, and a plurality of circumferentiaUy fashion in a direction from an mlet side of the pump to 
spaced bides^anged at each step at projecting cor- an outlet side thereof such that the outer diameter of 
ners thereof, and wherein said stator surrounds the unmediately precedmg step is greater than the outer 
outer periphery of said impeUer. said stator includes a diameter of the following step, and wherem blades are 
plurality of steps along an interior thereof in opposition 65 formed on a portion of each of said steps and extend m 
to the respective steps of said peripheral flow impeller, the axial direction and a flow passage is defmed along a 
inner diameters of the individual steps of the stator circumferential portion of the stator of said peripheral- 
decrease in the direction from the inlet toward the out- flow pump opposed to said blades m the axial dircctton. 
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7. A turbo vacuum pump according to claim 6 com- 
prising labyrinth seals between the stages of said peri- 
pheral-flow pumps. 

8. A turbo vacuum pump means comprising a casing 
having an inlet port and an outlet port and a plurality of 5 
multiple stage pumps axially disposed in said casing, 
each of said pumps including a rotor and a stator op- 
posed to said rotor, said turbo vacuum pump means 
being adapted to suction a gas through said inlet port 
and to discharge said gas through said outlet port under 10 
atmospheric pressure, wherein one of said multiple 
stage pumps is a peripheral-flow pump comprising a 
plurality of individual stages respectively defined by a 
plurality of steps arranged about an outer periphery of 
the rotor of the peripheral-flow pump, said steps being 15 
spaced from each other in an axial direction of the 
pump, outer diameters of the individual steps decreas- 
ing in a step-by-step fashion in a direction from an inlet 
of the pump to an outlet side thereof such that the outer 
diameter of an immediately preceding step is greater 
than the outer diameter of the following step, and 
wherein blades are formed on a portion of each of said 
steps and extend in the axial direction and a flow pas- 
sage deflned along a circumferential portion of said 
stator disposed in opposition to said blades in the axial 25 
direction, and wherein another of said multiple stage 
pumps is disposed about the outer circumference of said 
rotor of said peripheral-flow pump. 

9. A turbo vacuum pump according to claim 9, 
wherein an inlet side of said rotor is provided with any 30 
of an axial-flow blade, a radial-flow blade and a spiral 
groove molecular pump. 

10. A turbo vacuum pump comprising an inlet port 
and an outlet port, a multistage peripheral flow impeller 
supported in a housing of the pump by a rotary shaft, 35 
said multistage peripheral-flow impeller having a cylin- 
drical shape and including a plurality of individual steps 
disposed about a periphery thereof such that each step 
defines a stage of the multistage peripheral-flow impel- 
ler, a plurality of projecting comers, and a plurality of 40 
sets of blades for the respective pimip stages, said sets of 
blades being respectively disposed at the projecting 
comers of the respective steps of the impeller, a stator 
having a cylindrical shape and being adapted to sur- 
round the outer periphery of said multistage peripheral- 45 
flow impeller, said stator including a plurality of indi- 
vidual steps disposed about an interior thereof in oppo- 
sition to corresponding individual steps of said multi- 
stage peripheral-flow impeller, seal means respectively 
formed between opposed surfaces of the steps of the 
multistage peripherjJ-flow impeller and corresponding 
steps of the stator, each of said seal means is arranged 
between pump stages adjacent to each other so as to 
deflne each pump stage, outer diameters of the individ- 
ual steps of the multistage peripheral-flow impeller 55 
decrease with each pump stage in a direction from an 
inlet side thereof toward an outlet side thereof such that 
an outer diameter of an immediately preceding stage is 
greater than the outer diameter of the following stage, 
diameters of the steps of the stator decrease with every 60 
pump stage, and wherein each of said seal means ex- 
tends in a radial region between a radial position of 
radially terminating ends of the blades of a large*diame- 
ter side pump stage and a radial position of radially 
terminating ends of the blades of a small diameter side 65 
pump stage in a pair of adjacent pump stages. 

11 « A turbo vacuum pump according to claim 10, 
wherein the individual steps of the stator includes a 
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concave portion, and wherein a peripheral-flow-pump 
flow passage is defined along the concave portions of 
the steps of the stator. 

12. A turbo vacuum pump according to claim 11, 
wherein adjacent peripheral-flow-pump flow passages 
are in communication with each other. 

13. A turbo vacuum pump according to claim 12, 
wherein the pump stages are arranged in series. 

14. A turbo vacuum pump according to claim 13, 
wherein said stator is fashioned as a unitary member. 

15. A turbo vacuum pump according to claim 10, 
wherein one of an axial-flow blade rotor, a radial-flow 
blade rotor, and a spiral groove molecular pump is 
arranged at the inlet side of the vacuum pump. 

16. A turbo vacuum pump comprising an inlet port 
and an outlet port, a cylindrical shaped impeller sup- 
ported in a housing of the vacuum pump by a rotary 
shaft, said impeller including a plurality of projecting 
comers and a plurality of sets of peripheral-flow pump 
blades for pumping air out of said projecting comer and 
deflning a plurality of pump stages, a stator having a 
surface corresponding to a shape of the impeller and 
disposed in opposition to said impeller so that at least 
one flow passage is defined between the impeller and 
the stator, said plurality of peripheral-flow pump blades 
projecting axially from the respective projecting cor- 
ners so that the flow passage extends to both radial sides 
of said peripheral-flow pump blades, and wherein said 
plurality of pump stages are respectively defined by a 
plurality of steps arranged about an outer periphery of 
the rotor of the peripheral- flow pump, said steps being 
spaced from each other in an axial direction of the 
pump, outer diameters of the individual steps decreas- 
ing in a step-by-step fashion in a direction from an inlet 
side of the pump to an outlet side thereof such that the 
outer diameter of an immediately proceeding step is 
greater than the outer diameter of the following step. 

17. A turbo vacuum pump according to claim 16, 
wherein the peripheral flow pump blades are fashioned 
as blades curving in a direction of flow through the 
pump. 

18. A turbo vacuum pump according to claim 17, 
wherein at least one labyrinth seal means is arranged 
between adjacent pump stages. 

19. A turbo vacuum pump according to claim 16, 
wherein at least one labyrinth seal means is arranged 
between adjacent pump stages. 

20. A turbo vacuum pump according to claim 16, 
wherein one of an axial-flow blade rotor, a radial-flow 
blade rotor, and a spiral groove molecular pump are 
provided at an inlet side of the vacuum pump. 

21. A turbo vacuum pump comprising an inlet port 
and an outlet port, a multistage peripheral-flow impeller 
supported in a housing of the vacuum pump by a rotary 
shaft, said multistage peripheral-flow impeller having a 
stepped configuration such that an outer diameter 
thereof decreases stage-by-stage in a direction from an 
inlet side of the pump toward and outlet side thereof, 
each of said stages including a plurality of blades, and a 
stator disposed in opposition to the peripheral-flow 
impeller, said stator having a configuration correspond- 
ing to a configuration of the peripheral-flow impeller so 
as to define therewith a pump stage with each stage of 
the peripheral-flow impeller, and wherein the multi- 
stage peripheral-flow impeller includes a plurality of 
individual steps respectively defining the stages of the 
multistage peripheral-flow impeller and disposed about 
an outer periphery thereof and spaced from each other 
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in an axial direction of the impeller, an outer diameter of 
the individual steps decreasing in a step-by-step fashion 
in a direction from the inlet side toward the outlet side 
of the vacuum pump such that the outer diameter of an 
immediately preceding step is greater than the outer 5 
diameter of a following step, an interior of the stator 
includes a plurality of steps having an inner diameter 
decreasing in a step-by-step fashion in a direction from 
the inlet side toward the outlet side of the pump, a small 
gap is defined between the peripheral-flow impeller and 10 
seal means are defined between adjacent pump stages. 

22. A turbo vacuum pump according to claim 21, 
wherein the seal means include labyrinth seals. 

23. A turbo vacuum piimp according to claim 21, 
wherein the stator is formed as a unitary member. 15 

24. A turbo vacuum pump according to claim 23, 
wherein the seal means include labyrinth seals. 

25. A turbo vacuum pump according to claim 21, 
wherein each of the individual steps of the stator in- 

20 



eludes a concave portion, peripheral flow passages ex- 
tend from the concave portions and the blades project- 
ing axially from the stages of the peripheral flow impel- 
ler, and wherein each of the blades is an arcuate blade 
curving in a direction of flow through the pump. 

26. A turbo vacuum pump according to claim 25, 
wherein the seal means include labyrinth seals. 

27. A vacuum pump according to claim 1, wherein 
the multistage peripheral-flow impeller is fashioned as a 

unitary member. 

28. A vacuum pump according to claim 1, wherein 
the stator is fashioned as a unitary member. 

29. A vacuum pump according to claim 28, wherein 
the multistage peripheral-flow impeller is fashioned as a 

unitary member. 

30. A vacuum pump according to claim 5, wherein 
said stator is fashioned as a imitary member. 
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